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Abstract. One of the modern and widely used biotechnological methods for increasing the
efficiency of animal reproduction is oestrus synchronization, which allows to reduce economic costs
significantly. Using this method, a slight increase in the cost of processing animals is compensated
by a significant decrease in labour costs, an increase in the technological efficiency of insemination
and parturition, and the absence of costs for maintaining teasers. As a result, direct costs for
reproduction might be reduced by a total of 50-60%. Induction and synchronization of sexual
heat in goats have been used since the 1970s of the 20" century, however, in our country, such a
biotechnological method of regulating reproductive function is just beginning to be practised, but
the results of such implementations are not available in the literary sources. Therefore, the goal of
our research was to determine the effectiveness of oestrus induction and synchronization in goats
under specific farm conditions in Ukraine. The experiments were conducted between April 2021 and
February 2022 in «Agrosvit» dairy farm in Shestakove village, Chuguyiv district, Kharkiv region,
on goats of Alpine and Zaanen breeds, aged 2—4 years, with a live weight of 35-55 kg. A total of
368 goats having < 1 litre of milk production starting from the 180" day of lactation, were involved
in this trial. The synchronization protocol included the insertion of an intravaginal sponge with
progestogen (day 0) (Chronogest CR polyester-polyurethane vaginal sponge, 20 mg of chronolone,
intravaginally), injections of prostaglandin (Oestrophan, 0.2 ml, intramuscularly), and chorionic
gonadotropin (Sergon, 500 OD, 1 ml, intramuscularly) (day 9), removal of the progesterone sponge
(day 11), detection of heat (day 12) and insemination (day 13). Pregnancy diagnosis was determined
by ultrasound examination on day 40 after artificial insemination. In our studies, using an oestrus
induction and synchronization protocol based on progestogen sponge, prostaglandin and chorionic
gonadotropin, 93.7% of treated goats were inseminated with a fertility rate of 158.9%. According
to the results of the study, it can be concluded that oestrus induction and synchronization in goats
is an effective biotechnological technique that allows increasing the efficiency of the use of genetic
resources of high-value animals significantly, to increase the scale of their participation in the
process of reproduction of livestock while maintaining a high level of physiological functions of the
reproductive system. In particular, such studies will help to determine the most appropriate oestrus
synchronization protocol and to better understand the effect on sexual behaviour and hormonal
influence, and to inseminate goats at the most optimal time, in a short time, with a shortened period
of kidding.
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EdeKTUBHICTb iHAYKLiTI Ta CMHXPOHI3aLii CTaTeBOi OXOTH Y Ki3

Anotauist. OqHUM i3 cydacHHX i Bce OUIBII IIMPOKO 3aCTOCOBYBAHHX y CEJEKIIii OI0TEXHOIONYHNX METO/IB MiIBUILCHHS e()eKTHBHOCTI
BIZITBOPEHHSI TBAPUH € CHHXPOHI3aIlisl OXOTH, SIKWH JI03BOJISIE 3HAYHO 3MEHIIUTHU TOCIIOAAPCHKI Ta eKOHOMIUHI BUTPATH. 32 3aCTOCYBAHHS I[OTO
METO/Ty HE3HAYHE i JBHUIIIEHHS BUTPAT Ha 00pOOKY TBApHH KOMITCHCY€ETHCS 3HAYHUM 3HW)KSHHSIM TPYAOBHTPAT, i JBUIIECHHAM TEXHOIOTIYHOCTI
MPOBE/ICHHSI OCIMEHIHHSI Ta OKOTY, BIICyTHICTIO BUTPAT Ha YTPUMaHHs MPOOHUKIB. Y MiICYMKy HpsIMi BUIATKU HA BiATBOPEHHS 3HIKYIOTHCS
3arasioM Ha 50-60%. [HIyKuis Ta CHHXpOHI3aLlis CTaTeBOi OXOTH Y Ki3 3aCTOCOBYeThCs 3 70-X pokiB 20 CTONITTS, HATOMICTh B HAIIill KpaiHi
Takuid G10TEXHONOTIYHUI METOM PETYISILIl PENpPONyKTHBHOI (DYHKIII JINIIe TIOYHHAE MTPAKTUKYBATHCS, ajle PE3YyNIBTaTiB TAKUX BIIPOBA/KEHD
HeMae y JOCTYIHHX JIiTepaTypHHX Jhkepenax. To)k MEeTOro HaIlMX JOCHTiIKeHb Oylo BU3HA4YeHHs e(eKTHMBHOCTI iHAyKLIl Ta CHHXpOHi3awii
CTaTeBOi OXOTH Y Ki3 B yMOBaX KOHKPETHOT'O KO31BHHIIBKOTO rocriofapcTsa Ykpainu. Jlociiau npoBoaumics npotsroM KBiTHS 2021 p. — moToro
2022 p. B ymoBax CTOB «ArpocBit» cena lllecrakoBe UyryiBcbkoro paiioHy XapkiBCbkoi 001aCcTi Ha KO3aX aJIBITIHCHKOI Ta 32aHEHCHKOI MOPiJI,
BikoM 2—4 pokH, HUBOIO Macoro 35-55 kr. B excriepumenti Oyno 3azisHo 368 rounis ki3. [TocTaHOBII Ha CXeMy CHHXPOHi3allil cTaTeBoi 0XOTH
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i JIsITay TBApUHHY, sIKi Maiu Hajol < 1 J1 Monoka, nmounHatoun 3 180-i o6u nakrarii. IIpoTokosn cHHXpOHI3aLi BKIIFOYaB BBEICHHS I'YOKH 3
nporecrareHoM (JieHs 0), iH €Kil IpocTanIaHANHY Ta XOPiOHIYHOTO TOHAIOTPOMIHY (IeHb 9), BUTydeHHs IyOKH 3 IporecTepoHoM (IeHs 11),
BUSIBJICHHS OXOTHU (IeHb 12), ociMeHiHHSA (1eHb 13). MOHITOPHHT pe3y/bTaTiB 3AiHCHIOBAIN IUITXOM HPOBEICHHS YIBTPa3ByKOBOTO IOCITi-
JoKeHHs Ha 40-# AeHb MiCHs ITYYHOro OCIMEHIHHS. Y HALIMX JOCIIPKSHHSX, 32 BUKOPUCTAHHS MPOTOKOJY iHAYKIi Ta CHHXPOHI3aLii 3 ryo-
KOIO 3 IIporecrareHoM (ToJtiecTep-nosiyperaHoBi BariHanbHi necapii Chronogest CR, 20 Mr XpoHOJIOHY, iHTpaBariHaabHO), IPOCTANNIaHAMHOM
(Oestrophan, 0,2 M1, BHyTpIilIHEOM 5I30BO) Ta XOpiOHIYHUM roHagoTporiaoM (Sergon, 500 OZ (1 mi), BHYTPIIIHBOM 130B0) OyJI0 OCIMEHEHO
93,7% 00pobneHunx Ki3 3 piBHEM 11010BUTOCTI 158,9%. Takum uMHOM, iHAYKIS Ta CHHXPOHI3aLlist CTaTeBol OXOTH € e()eKTUBHUM Oi0TEXHOIO0-
T1YHUM IPHUIOMOM, SIKUH JT03BOJISIE CYTTEBO MiABUIINTY €(DEeKTHBHICTh BUKOPHCTAHHS IT€HETUYHUX PECYPCiB BUCOKOIIHHHX TBAapHH, 301TBIIHTH
Macmrabu iX y4acTi y mporieci BiATBOPEHH TOTOIIB s 31 30epekeHHsIM Ha BUCOKOMY PiBHI (i310JI0TIUHIX (PYHKIIIH PETPOTYKTHBHOI CHCTEMH.
3okpemMa Taki JOCIiIKEHHs JOIIOMOXYTh BU3HAYUTH HAHOLIbII BiAMOBIAHHI IIPOTOKOM CHHXPOHI3aLil TIYKH Ta Kpalle 3p0o3yMiTH BIUIMB Ha
CTareBy IOBE/IHKY Ta TOPMOHAIILHUHN BILUTHB i IIPOBECTH OCIMEHIHHS Ki3 B HAHOUTHII ONTUMAaJIBHHIL Yac, 32 KOPOTKUH TEPMIH Ta 31 CTHCIMMHU

TEpMiHAMH OKOTY.

KurouoBi ciioBa: ectpyc; ociMeHIHHS; iHTpaBariHaibHi ecapii; Tiuka; apibHa porara xymnoba

Introduction

The intensification of goat breeding is determined by the
efficiency of reproduction as a component of the industry
management technology. An important implementation mechanism
is the use of artificial insemination (Al), which is limited by the
significant variability of the length of the sexual cycle in goats.
Under the existing system of reproduction of the goat herd,
based on the natural duration and alternation of sexual cycles,
insemination of goats is carried out during two sexual cycles of
38-46 days, and sometimes the period of insemination lasts up to
60 days. This results in very prolonged kidding. The presence of
goats of different ages in the herd creates great difficulties in the
management of young animals and ultimately leads to a decrease in
the rate of reproduction of the herd and uneven production of milk
during lactation (Malahova et al., 2006; Ajbazov et al., 2012, 2013;
Aksenova et al., 2012; Habeeb & Kutzler, 2021).

Oestrus induction and synchronization is a current and
widespread biotechnological method for increasing the reproductive
efficiency in small ruminants, which allows a reduction in costs
significantly (Whitley & Jackson, 2004; Ajbazov et al., 2000,
2013; Malahova et al., 2006, Mamontova, 2015; Skljarov et al.,
2015; Kirikovich et al., 2019). Using this method, a slight increase
in the cost of processing animals is compensated by a significant
decrease in labour costs, an increase in the technological efficiency
of insemination and parturition, and the absence of costs for
maintaining buck teasers. As a result, direct costs for reproduction
are reduced by a total of 50-60% (Ajbazov et al., 2012).

Oestrus induction and synchronization in goats have been
used since the 70s of the 20™ century. However, in our country,
the biotechnological methods of regulating reproductive function
are just beginning to be practised, but the results of such
implementations are not available. Therefore, the goal of this
research was to determine the effectiveness of oestrus induction and
synchronization in goats under goat farm conditions in Ukraine.

Materials and methods

The experiments were conducted from April 2021 to February
2022 in the «Agrosvity dairy farm (Shestakove village, Chuguyiv
district, Kharkiv region, Ukraine), on clinically healthy and well-
nourished goats of Alpine and Zaanen breeds, aged 2—4 years, with a
live weight of 35-55 kg.

The animals were kept indoors in compliance with veterinary,
sanitary and hygienic standards, they were fed following the standards
of feeding, with free access to water of appropriate quality (Suharl’ov,
2002).

Treatments were administered in groups having a maximum of
25-50 goats to be sure that all the animals were managed at the correct
time. The following protocol was used for the oestrus induction and
synchronization in goats under the conditions of this farm (Figure).

For oestrus induction and synchronization, sponges containing
20 mg of chronolone (polyester-polyurethane vaginal sponge
Chronogest CR containing flugestone acetate, MSD Santé Animale,
France) were inserted intravaginally. On day 9, 0.2 ml of cloprostenol
(a synthetic analogue of prostaglandin F2a (PGF2a); Oestrophan,

Figure. Scheme of the oestrus synchronization used in this trial
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Bioveta, Poland) and 500 IU of equine chorionic gonadotrophin
(eCG) (Sergon, Bioveta, Poland) were intramuscularly administered.
Eleven days later, sponges were withdrawn and oestrus detection was
carried out on the following day.

Oestrus heat was checked using teaser bucks and only those goats
showing evident heat signs were inseminated. Qualified technicians
conducted the artificial insemination at 43+0.5 h after the sponge
withdrawal.

Female goats were artificially inseminated with the use of
deconserved sperm following the requirements of the Instructions for
Artificial Insemination of Sheep and Goats — with an activity of at
least 4 points (in a sperm dose of 60—80 million spermatozoa with
rectilinear translational movement), except for frozen-thawed sperm
of imported breeders — with activity 3.0-3.5 points (Instrukcija,
2003).

The goats were restrained to a standing position. After the perineal
and vulvar areas were cleaned, the Al catheter was intravaginally
inserted; using a lubricated speculum with a light source to visualize
the entry of the cervix, and the semen was deposited through the
cervical rings to reach the uterus, when possible.

A pregnancy diagnosis was made on day 40 after the Al It used an
ultrasonographic scanner Medelcom Diagnostic Ultrasound System
SLE-101PC equipped with a 6.0 MHz linear array transductor. Probe
was placed in the inguinal area and animals were considered pregnant
when foetuses were visualised.

The conception rate was calculated as the pregnant goats divided
by the total inseminated goats x 100. The kidding rate was deemed
to be the goats that had parturition divided by the total number of
inseminated goats. The prolificity rate was determined as the number
of born kids divided by the total number of inseminated goats.

Results

According to the data obtained, 368 goats were treated for oestrus
synchronisation, but only 345 goats (93.7%) had signs of oestrus
detected by teaser bucks (Table).

A total of 294 goats (85.2%) became pregnant after artificial
insemination. In 51 goats (14.8%), signs of oestrus were detected
after treatment but they did not become pregnant after insemination.
At parturition, the prolificity rate was calculated; it reached 158.9%.

Discussion

Accordingly, the use of oestrus induction and synchronization
protocols allows us to achieve several goals (Ajbazov et al., 2013).
First, there is no need to wait for the spontaneous arrival of animals in
heat. Secondly, the synchronization method allows for regulating the
number of animals that come in heat every day and makes artificial
insemination predictable. After synchronization, sexual desire appears
simultaneously within 36-48 hours after treatment in 90-100% of
animals. This allows you to plan the beginning of the insemination
campaign and regulate the number of goats in the breeding season.
Thirdly, with well-organized synchronization, there is no need to keep
buck teasers in the herd and carry out daily time-consuming teasing to
detect goats in heat. At the same time, all offspring must be guaranteed
to be obtained from the breeders intended for insemination. Fourthly,
the terms of artificial insemination and, accordingly, the parturition

period is significantly shortened. Depending on the possibilities
and wishes of the agricultural producer, as well as the management
conditions, insemination of the herd (600—650 goats) could take 8-10
days (instead of the usual 35-40); at the same time, parturitions will
require 15-20 days (instead of 40—60).

Using this reproductive procedure, a slight increase in the cost of
processing animals is compensated by a significant decrease in labour
costs, an increase in the technological efficiency of insemination and
kidding, and the absence of costs for maintaining buck teasers. As a
result, direct costs for reproduction are reduced by a total of 50-60%.

Although the fertility of oestrus synchronized goats was slightly
lower than that in natural mount (by 10.0-13.3%), multiple fertility
in synchronized goats was higher by 14.5-25.0% (Ajbazov &
Aksenova, 2012).

Cherkesova (2005) notes that in goat females under oestrus
synchronization, the duration of oestrus was reduced by an average of
1.4 times and comprised 31 hours. In this took place, ovulation begins
between 21-23 hours after the start of oestrus, but in most animals, it
occurs between 24-29 hours.

Induction and synchronization schemes in goats include hormones,
particularly melatonin, gonadotropin / gonadotropin-releasing
hormone (GnRH) or agonists, progestogens, and prostaglandins,
alone or in combination, administered orally, by injection, or by
intravaginal devices (Kusina et al., 2000; Whitley and Jackson, 2004;
Arrebola et al., 2012, 2022; Parmar et al., 2020; Zuniga-Garcia et al.,
2020; Anggraeni et al., 2021; Farooqi et al., 2021; Habeeb & Kutzler,
2021; Rivas-Muiioz et al., 2021; Skliarov et al., 2021; Khandoker,
2022; Hidayah et al., 2022; Wondim et al., 2022). And the essence of
the hormonal stimulation for sexual heat induction is that the luteal
phase of the sexual cycle is artificially simulated by the introduction
of progesterone or other progestagen-based drugs in females. The
subsequent introduction of gonadotropic hormones stimulates the
development of follicles in the ovaries and then, the manifestation of
all the phenomena of the natural sexual cycle — oestrus, sexual heat
and ovulation (Ajbazov et al., 2013).

The use of intravaginal sponges containing synthetic analogues
of progesterone has become widespread for oestrus synchronization
in small ruminants during and outside the breeding season. These
devices are intravaginally maintained for a wide range period (from 9
to 19 days, and currently they are been reduced to 57 days), and are
used in combination with eCG, which is injected during or 48 hours
before their removal, as well as in combination with other drugs.
Oestrus occurs in 90% of the treated animals within 24-48 hours
after the device removal, but results are variable (Powell et al., 1996;
Romano, 1998; Wildeus, 2000; Kirikovich et al., 2019).

In our studies, the protocol for induction and synchronization of
sexual desire in goats involved the use of a sponge with a progestogen
(polyester-polyurethane vaginal sponge Chronogest CR containing
20 mg of chronolone), which was administered intravaginally.
Intramuscular injections of Oestrophan (Bioveta, Poland) in a dose
of 0.2 ml were used as a prostaglandin, and Sergon (Bioveta, Poland)
was used as a chorionic gonadotropin, which was administered
intramuscularly, 500 units (1 ml). In total, 345 female goats were
inseminated, which is 93.7%. As a result, 294 animals were born with
a fertility rate of 158.9%.

Zhao et al. (2010) experimented to select an effective method of
oestrus synchronization in goats (Capra hircus): the first group was

Table — Effectiveness of oestrus induction and synchronization in goats

Oestrous detection rate,

Treated animals, n %/ (N, /1)
1

Conception rate,
% /(N2 /Ny)

Prolificity rate,
% / (N5 / Ny)

368 93.7/ (345 / 368)

85.2/(294 / 345) 158.9 (467 / 294)

Note: N, — percentage from n, N, — percentage from N;, N; — percentage from N, for a respective index
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synchronized using intravaginal sponges impregnated with 30 mg of
Levonorgestrel, administered for 10 days. Goats of the second, third,
and fourth groups were subsequently injected with 25 IU follicle-
stimulating hormone (FSH), 0.05 mg PGF2a, and 25 IU FSH +
0.05 mg PGF2a during sponge removal, respectively. The results
showed that all the treatments used were capable of inducing and
synchronizing oestrus in goats. According to oestrous response and
economy, the use of intravaginal sponges impregnated with 30 mg of
Levonorgestrel and 0.05 mg of PGF2a is the first choice for oestrus
synchronization, and 95.0% of synchronized females showed oestrus,
which was significantly higher than the first group. The percentage of
ovulation in the third and fourth groups was the same (95.0%), but
significantly higher than in the first group.

Sen & Onder (2016) determined the effect of oestrus
synchronization programs on the timing of parturition and some
reproductive characteristics of Saanen goats. Their oestrus was
synchronized as follows: using intravaginal sponges containing 30
mg flugestone acetate for 11 days after intramuscular injection of
500 IU eCG (group PP) or only intravaginal sponges (group P) and
natural oestrus (control, C). The kidding rate and litter size in group
PP were higher than those of goats in groups C and P. The neonatal
mortality rate in group PP was higher than in groups C and P. The
duration of the kidding period in goats of group C was longer than
in goats of groups P and PP. Births showed a unimodal distribution,
with maximum births during the daylight and minimum births at
midnight in all goats. Parturitions that occurred during the daylight
in groups P and PP were longer than those of group C. The results
of this study may indicate that the oestrus synchronization allowed
to shorten the length of the oestrous period, concentrate the time of
parturition during the daylight hours and increase the reproductive
ability of Saanen goats.

Titi et al. (2010) reported that the use of GnRH-PGF2a was
effective, the addition of progestogen sponges at the time of GnRH
administration improved reproductive parameters.

Nadolu et al. (2022) examined the reproductive performance of
Alpina goats synchronized with Chronogest intravaginal sponges for
11 days and 400 IU eCG (Folligon, MSD) without prostaglandin,
and they evaluated the cases of pseudo-gestation (4.1%), kidding
rate (56.8%) and prolificacy (310.7%). The authors reported that
eliminating the administration of prostaglandins could reduce the risk
of abortion due to lysis of corpora lutea in presumably pregnant goats
during the treatment.

A study by Kanduri (2022) was conducted to evaluate the
effectiveness of different oestrus timing protocols on the oestrus
response and progesterone profile in local Mahabubnagar goats. One
group (GPG) was treated with GnRH on day 0, PGF2a on day 7 and
GnRH on day 9. The second group (PPG) was treated with PGF20 on
days 0 and 7, but GnRH on day 9. The third group (SPG) was treated
using vaginal sponges for 9 days. PGF2o was administered on day
8, sponges were removed on day 9, and GnRH was administered.
The fourth group (SP) had vaginal sponges removed on the 9th day
and eCG was administered. The results of this study showed that the
SP group had the best treatment regimen in terms of onset of oestrus
(32.4 hours, ranging from 26.5 to 38.3 hours) and duration of oestrus
(52.2 hours, ranging from 48.7 to 55.7 hours).

Salleh et al. (2021) Boer does were divided into three groups
with different durations of intravaginal CIDR for 14 (two groups) or
9 days (one group) — 0.5 ml cloprostenol (PGF2a) was administered
intramuscularly to all groups after CIDR removal, and only groups
eCG 14 and eCG 9 were administered 200 IU of eCG intramuscularly.
The percentage of females in heat 2472 hours after CIDR removal
was significantly higher in the eCG group compared to the non-eCG
group. The number of females showing signs of oestrus within 24-
28 hours of CIDR removal was significantly higher in the shorter
period (9 days) group compared to the 14-day CIDR groups. P4
concentration 24 h after CIDR removal and LH concentration were

16

not significantly different in all groups. The LH peak time in the non-
eCG group was significantly delayed compared to the 9-day CIDR
and eCG group. The authors recommend using treatment within 9
days of CIDR, as the oestrous cycle may be shortened.

Freitas et al. (1997) evaluated the ability to improve the timing
of oestrus and the luteinizing hormone (LH) peak using different
progestogens, fluorogestone acetate (FGA) or norgestomet, and
routes of administration (vaginal sponge or subcutaneous ear
implant). In two experiments, goats were treated with one of three
progestogens: 1) a vaginal sponge with 45 mg of FGA; 2) a half
of the implant with norgestomet, or 3) a whole implant containing
3 mg of norgestomet. Progestogens were left in goat females for
11 days and were accompanied by intramuscular injections of 400
or 500 IU equine chorionic gonadotrophin (eCG) and 50 pg of a
PGF2a analogue (cloprostenol) were administered 48 hours before
progestogen removal. As a result, goats that received semi-implants
began oestrus earlier than those that received vaginal sponges (27.8
h vs. 33.0 h, respectively). However, the interval between the time of
onset of oestrus and the LH peak was more variable in goats treated
with semi-implants. No effect of progestagen treatment was observed
either on the time or on the variability of the onset of oestrus. The
percentage of ovulating goats as well as the overall fertility rate
were higher in goats receiving vaginal sponges (98.2% and 75.0%,
respectively) than in those receiving semi-implants (81.8% and
45.5%, respectively). However, no significant differences were
observed for the same parameters in animals that got implants (86.3%
and 58.8%, respectively). In conclusion, the timing of oestrus with
a norgestomet implant or semi-implant did not reduce variability in
oestrus onset and LH peak. Fertility was generally lower in goats
receiving a whole implant and was significantly reduced in goats
receiving a half implant.

Freitas et al. (1996) studied the effect of ovarian status (presence
of corpora lutea and follicles) on the time of onset of oestrus, LH peak
and ovulation rate during synchronized oestrus in Alpine and Zaanen
goats. Females were treated for 11 days with 3 mg norgestomet
implants or 45 mg FGA sponges. They also received 400 IU of eCG
and 50 pg of a PGF2a analogue on day 9 of progestagen priming.
It was determined that the number of follicles on days 0 and 9 of
progestogen treatment was not related to the time of onset of oestrus
nor the onset of the LH peak or ovulation rate. The number of corpora
lutea on day 9 affected the time of the LH peak, but not the time of
the onset of oestrus. Thus, in the case of 2 or 3 corpora lutea on day
9, the LH peak was observed 46.9 hours after the end of progestagen
treatment,

East & Rowe (1989) compared two sources of progestin
(subcutaneous implant and vaginal sponge) in combination with eCG
for the induction of oestrus in lactating and nulliparous dairy goats
during the transition from anestrus to oestrus. Compared with the
untreated control group, both progestins demonstrated equal efficacy
to induce behavioural oestrus and pregnancy. Fertility rates were
similar for both groups, and lactation status and breed did not affect
the pregnancy. Treatment with progestins and eCG was successful in
increasing the number of winter foals, thereby increasing winter milk
production.

Ozmen et al. (2021) investigated the effect of the administration
of eCG (500 IU) at two different periods on oestrus and pregnancy
rates and the number of offspring in Kilis goats. Animals were treated
with a progesterone sponge (20 mg flugestone acetate) for 11 days
and 250 pg of PGF2a two days before removing the sponge. The eCG
was used in group 1 during two days before the removal of the sponge,
and in group 2 it was used on the day of its removal. The pregnancy
rate (54.6% vs. 25.0%) and the total number of offspring (7 vs. 3) in
group 1 were higher than in group 2. The authors concluded that it
may be more beneficial to apply eCG 48 hours before sponge removal
rather than during sponge removal outside the breeding season.

Kupferschmied & Muther (1977) proposed the following
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scheme for synchronizing oestrus in goats: 1% day — introduction
of intravaginal sponges impregnated with 45 mg of progestagen;
16" day — intramuscular injection of FFA in a dose of 400 IU, 18"
day — removal of intravaginal sponges and 19-20" day — artificial
insemination. In other studies (Gonzalez-Stagnaro, 1974), the use
of intravaginal sponges impregnated with 45 mg of fluorogestone
acetate (FGA) allowed insemination of goats 13-54 hours after the
removal of progestogens.

A study by Kumar et al. (2018) was conducted to investigate
the effectiveness of the best oestrus synchronization protocols
on reproductive performance in goats. Treatment protocols: 1)
introduction of PGF20 with an interval of 12 days; 2) vaginal sponges
treated with progesterone were impregnated into the vagina for 12
days; 3) vaginal sponges for 12 days with eCG. at the time of sponge
removal and 4) vaginal sponge + eCG + GnRH. The best results
were obtained using vaginal sponge + eCG + GnRH, in particular:
pregnancy rate was 84.2%, kidding rate — 126.3%, litter size — 1.5,
and twinning rate — 33.3%.

According to literature data (Sang-tae Shin et al., 1998), one of
the most optimal options for inducing oestrus in goats is the option
with the joint use of FSH and medroxyprogesterone acetate (MAP)
(intravaginal sponges containing 60 mg MAP) in comparison with the
use of FSH and gonadotropin alone in complexes with progesterone,
as well as ear implants with norgestomet (Bretzlaff et al., 1989).
According to other data (Amoah & Gelaye, 1989), it remains
acceptable to use progestogens, gonadotropins and their analogues
in the mating and anoestrous periods of the year to induce oestrus
in goats. The ease of use of ear implants (Synchromate-B) makes
them more profitable compared to vaginal means. FSH-P is superior
to purified equine gonadotropin (eCG) in fertility, but their multiple
injections make the process time-consuming. The problem, in this
case, can be solved by using subcutaneous implants, which provide a
constant osmotic infusion of the hormone. The use of melatonin can
restore sexual cyclicity in the non-mating period of the year, and the
use of prostaglandins greatly simplifies the stimulation procedure, but
with a more severe effect on the body in the luteal phase of the sexual
cycle. It is recommended to synchronize oestrus in goats with the help
of ear implants, treating the injection site with chloroethyl for pain
relief (Goldman et al., 2002).

Kirikovich et al. (2019) established that the most optimal are the
4- and 5-day oestrus synchronization schemes in animals with the
use of 500 IU of eCG. Signs of sexual desire within 6 days after drug
administration were observed in 75.0-83.3% of goats, while in the
group of animals administered 400 IU, this indicator was 50.0-71.4%
in 6 days 66.7-71.4% in 9 days, respectively.

As a result of the experiment, there was established that the use
of sponges for 6 and 12 days allows for inducing oestrus in 100%
of animals, but the sponge used for 9 days entailed in oestrus of
66.7% of animals. The period from the removal of the implant to the
manifestation of the first signs of appetite in animals under the 12-day
scheme was 17.2 hours, but under the 9- and 6-day — 25.7 and 27.2
hours on average, respectively.

The duration of intercourse with the action of the sponge for
12 days was minimal and amounted to 20.5 hours, which is 5.3 and
7.5 hours shorter than in the groups where the period of exposure
to the reproductive system of intravaginal inserts was 9 and 6 days,
respectively.

With an increase in the time of progestagen use in females from
6 to 12 days, the time of onset of oestrus is reduced by 10 hours
and the duration of oestrus by 7.5 hours. It was determined that the
injection of eCG into the animals 48 hours before the removal of the
insert allows achieving the synchronicity in the manifestation of signs
of oestrus 30 hours after its removal in 100% of animals, while in
schemes without application, the desire was observed in 77.8% of
females. It is necessary to note that the use of the drug eCG made it
possible to reduce the duration of sexual desire by 5.0 hours (18.0
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vs. 23.0) when using a 12-day scheme, by 4.3 (24.7 vs. 29.0) and by
4 0 (26.0 vs. 30.0) hours — for using 9- and 6-day animal processing
schemes, respectively. Thus, the complex use of progestagen sponges
and eCG allows for achieving maximum results by reducing the time
from the moment of removal of the insert to the manifestation of
oestrus in goats by 3.2 hours (21.7 vs. 24.9) in total according to the
experiment.

The complex use of progestagen and gonadotropic drugs in
schemes of synchronization-stimulation of sexual desire in transgenic
females of random age for a period of 6 and 12 days after the
introduction of intravaginal implants allows to induce oestrus in 100%
of cases and shortens the time of onset of sexual heat in animals from
the moment of removal of progestogen sponges. While the use of a
2.5% solution of progesterone helps to obtain 66.7-83.3% of animals
that have shown sexual heat for a longer period of 6-9 days, which
complicates the work of carrying out planned insemination of animals.
The use of intravaginal implants in combination with eCG in the
schemes of synchronization-stimulation of sexual desire in transgenic
females allows to effectively and in the shortest possible time to carry
out work on inducing oestrus in goats, shorten the duration of sexual
heat in animals and contributes to a more synchronous manifestation
of oestrus in the anoestrous period of animal reproduction (Kirikovich
etal., 2019).

Solihati et al. (2021) determined the oestrous profile of Etawah
Crossbred goats after oestrous synchronization by different methods:
Type 1 (T1) — 14 days of intravaginal implant 60 mg progesterone
(MPA); Type 2 (T2) — two injections of 5 mg PGF2a (dinoprost
tromethamine; Lutalyse) 11 days apart; Type 3 (T3) — 10 days of
intravaginal implantation of 60 mg of progesterone (MPA) + injection
of 5 mg of PGF2a 48 hours before removal). The results showed that
oestrus behaviour and changes in colour and size of the vulva did not
differ significantly in contrast to the duration of oestrus. The duration
of oestrus in T1 (31.3 hours) and T2 (31.1 hours) was significantly
longer than in T3 (11.4 hours). It was concluded that different
methods of oestrus synchronization had the same effect on the quality
of oestrus but had different effects on its duration.

Amarantidis et al. (2004) evaluated the efficiency of oestrus
synchronization and reproductive performance in aboriginal goats
(Capra prisca) during the breeding season. Treatments included: FGA-
impregnated sponges, FGA-impregnated sponges plus intramuscular
injection of 400 IU eCG, double intramuscular injection of PGF2a,
FGA-impregnated sponges plus intramuscular injection of PGF2a,
and sponges impregnated with FGA plus intramuscular injection of
PGF2a and 400 IU eCG. Oestrous response to treatment was >95%.
The onset of oestrus and duration of oestrus differed significantly by
treatment, whereas fertility rate, gestation length, fecundity and type
of parturition did not differ. The use of FGA-impregnated sponges
and FGA-impregnated sponges accompanied by the intramuscular
injection of 400 IU eCG was effective in achieving early and compact
oestrus synchronization in goats.

In a comparative study, Baril et al. (1993) analysed the effect of
vaginal progestogen tampons in goats on the percentage of animals
showing signs of oestrus and their fertility. The results showed that
exposure to a 45 mg fluorogestone acetate sponge for 11 days and
subsequent administration of 400 IU eCG and 50 pg cloprostenol 48
hours before withdrawal promoted oestrus in 81-98% of animals and
fertility at the level of 62—65%.

The purpose of the study by Matsumoto et al. (2021) was
the development of an oestrus synchronization protocol using
intravaginal administration of oestradiol benzoate (EB) capsules
in goats. Two types of capsules were produced: an EB capsule that
melted immediately after administration and a sustained-release (SR)
EB capsule that dissolved slowly and reached a peak after 24 hours.
Goats with a functional corpus luteum were injected intramuscularly
with PGF2a, and after 24 hours — 1 mg of EV solution intramuscularly
(PGF20 + 24IM) or 1 mg of EV capsule intravaginally (PGF2a +
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24EB). The SR EB capsule was administered intravaginally during the
administration of PGF2a (PGF2a + SR). The control group received
only PGF2a. Oestrus was observed in all groups within 72 hours after
administration of PGF2o. The onset of oestrus was not significantly
different between the PGF2a + 24IM and PGF2a + SR groups but
was earlier than in the control group. The concentration of oestradiol
in the PGF2a + SR group reached a maximum of 11.5 h after the
administration of EB and PGF2a. Peak oestradiol concentrations were
not significantly different between the PGF2a + 24IM and PGF2a +
SR groups (78.0 pg/ml and 64.0 pg/ml, respectively) and were higher
than in the PGF2a + 24EB and control groups (27.3 pg/ml and 14.6
pg/ml). These results suggest that intravaginal administration of EB
capsules with an oestrus-synchronized sustained-release base is an
alternative to intramuscular administration.

The purpose of the research Bitaraf et al. (2007) evaluated three
methods of oestrus synchronization, namely: CIDR, intravaginal
sponges impregnated with (FGA), and cloprostenol (PGF20 analogue)
in Nadooshani goats of Yazd province (Iran). No significant difference
was observed between the treatment methods in the interval between
the end of the synchronization protocol and the standing heat (range:
from 23 to 35 hours) and the interval between the time of standing
heat and insemination (range: from 15 to 27 hours). Synchronization
methods did not significantly affect the level of progesterone in blood
serum (4.80 ng/ml), litter size (1.32), non-return rate to oestrus and
the kidding rate. Synchronization methods did not significantly affect
prolificacy and fecundity, however, the cloprostenol method turned
out to be more convenient and economical under the conditions of
this experiment.

Malahova & Novopashina (2011) concluded, based on research
on goats, that the use of a sponge with progestagen for 16 days
requires eCG on the day of pessary removal, which will significantly
reduce the cost of labour for processing animals. When shortening
the period of treatment with progestogens to 14 days, eCG should
be performed 24 hours after removal of the sponge. The authors
found that the time of eCG administration after pessary removal for
16 days did not significantly affect the effectiveness of hormonal
treatment. The number of oestrous goats for eCG administration
immediately after pessary removal or 24 hours later was 83.3% and
80.0%, respectively. However, the injection of eCG simultaneously
with the removal of sponges significantly reduces the cost of labour
for processing animals. By shortening the treatment period to 14
days, increasing the time between the removal of the sponge and the
introduction of gonadotropin to 24 hours increased the stimulating
effect by 3.3%.

According to their research, Shejko et al. (2004) made some
conclusions:

— The use of various hormonal agents and their complexes allows
for controlling the synchronization and stimulation of the drive-in
goats with high efficiency.

— The use of Folligon (eCG) in a dose of 500 IU is optimal and
allows 72.7% of goats to be willing to inseminate from the first
insemination of 55.6%.

— Complex use of 37.5-50 mg of a 2.5% solution of progesterone
and 400-500 IU Folligon promotes the manifestation of oestrus in
66.7-83.3% of animals. The use of a progestagen in a dose of 50 mg
with an injection of 500 IU of eCG allows for inducing oestrus within
6 days in 83.3% of animals.

— Analogue of prostaglandin F2a Oestrophan is a highly effective
means of inducing sexual heat in goats. A dose of Oestrophan
200-300 pg allows synchronizing oestrus within 6-9 days in 75-
100% of animals.

— The use of gonadotropin-releasing hormone in schemes for
synchronizing and stimulating oestrus at the time of manifestation of
sexual heat in animals allows for reducing the duration of oestrus in
goats by 1.4-7.3 hours compared to the control. The dose of Gn-RH
15 mg is optimal, minimal fluctuations in the duration of the animal’s
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appetite (27-37 hours) were noted.

As reported by Cherkesova (2005), synchronization of sexual
heat in goats is an effective biotechnological technique and allows
the insemination of goats at the most optimal time, in a short time (10
days), which leads to a short period of farrowing — 19 days. Obtaining
one-year-old kids reduces the costs of their care and rearing and
allows for an increase in the safety of young kids before weaning up
to 95-98%. At the same time, the physiological functions of goats
related to reproduction are maintained at a high level.

Conclusion

Using a protocol of induction and synchronization with a sponge
with progestagen (polyester-polyurethane vaginal sponge Chronogest
CR, 20 mg of chronolone intravaginally), prostaglandin (Oestrophan,
0.2 ml intramuscularly) and chorionic gonadotropin (Sergon, 500 U
intramuscular) promoted insemination in 93.7% of the treated goats
with a fertility rate of 158.9%.

The general conclusion is that the induction and synchronization of
sexual desire is an effective biotechnological technique that allows you
to significantly increase the efficiency of the use of genetic resources
of high-value animals, increase the scale of their participation in the
process of reproduction of livestock while maintaining a high level
of physiological functions of the reproductive system. In particular,
such studies will help to determine the most appropriate oestrus
synchronization protocol and to better understand the effect on sexual
behaviour and hormonal influence and to inseminate goats at the most
optimal time, in a short time, with a shortened period of parturition.
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